Graphene has achieved a great amount of popularity and interest from the science world because of its extraordinary physical, mechanical and thermal properties. Graphene is an allotrope of carbon, having one-atom-thick planar sheets of sp 2 bonded carbon atoms densely packed in a honeycomb crystal lattice. Many methods to synthesize graphene have been developed over a short period and we believe it is necessary to create a list of the most notable approaches. This article focuses on the methods to synthesize graphene in an attempt to summarize and document advancements in the synthesis of graphene research and future prospects.
Introduction
Graphene is perhaps the simplest form of carbon and definitely the thinnest material ever produced. It has one-atom-thick planar sheets of sp 2 bonded carbon atoms densely packed in a honeycomb crystal lattice [1] . It is useful to understand graphene as a few layers of graphite. In this context, the extraordinary properties of honeycomb carbon are not really surprising. In middle ages, the layered morphology and weak dispersion forces between adjacent sheets were utilized to make marking instruments, similar to our use of pencils today. Recently, graphite is being used as dry lubricant, instead of lavishly priced hexagonal boron nitride and molybdenum disulphide [2] . Graphite is also used in electrodes because of high in-plane electrical conductivity (∼10 4 /Ω·cm) and in industrial blast furnaces because of its excellent thermal conductivity (∼3000 W/m·K) [3, 4] . The term 'graphene' was first used by Boehm et al. [5] , while describing single layer carbon foils. It was derived from graphite and the suffix '-ene'. Graphite flakes are basically a stack of graphene layers with an interplanar spacing of 3.5Å [6] and having C-C bond length of about 0.142Å [7] . Like * E-mail: s.saqib.shams@gmail.com explained by Geim et al. [8] , "graphene is a single atomic plane of graphite, which -and this is essential -is sufficiently isolated from its environment to be considered free-standing". Graphene strikes as a remarkable candidate for making functional nanocomposites having excellent properties. The fact that its precursor (graphite) is readily available makes it all the more tempting [9] . Defectfree graphene presents outstanding physical properties, such as high intrinsic mobility and ballistic transport, high thermal conductivity and Young's modulus, an optical transmittance of almost 98 % and a large specific surface area [1, 10, 11] . Much attention has been given to the characterization of graphene and its derivatives so we will not be discussing the properties of graphene. This review article focuses on the brief history and recent advancement in synthesis of graphene.
Synthesis of graphene
Graphene has been in the limelight for some time now and many researchers have been working on graphene synthesis, thus, several methods have been reported for the exfoliation of graphite into graphene. They can be divided into two main categories: the top-down approach and the bottom-up approach. Graphite is simply a stack Scanning electron micrograph of a relatively large graphene crystal, which shows that most of the crystal's faces are zigzag and armchair edges as indicated by blue and red lines and illustrated in the inset. 1D transport along zigzag edges and edgerelated magnetism are expected to attract significant nano-tubes attention [1] . (d) Raman spectra of graphite, GO and graphene sheets [12] . (reprinted with permission).
of graphene layers and to be able to separate these layers into individual sheets of graphene, van der Waals forces need to be overcome [13] . This approach is referred to as the top-down approach. Several challenges are associated with this approach, like surface defects that occur during sheet separation and the separated sheets reagglomerating afterwards. In general, the top-down approaches offer low yields and are tedious procedures [13] . While the top-down approach focuses on breaking graphene precursor (graphite) into atomic layers from a stack (Fig. 1) , bottomup approach implements carbon molecules as building blocks; typically these carbon molecules are obtained from alternative sources (Fig. 2) . Even though the bottom-up approach is not suitable for the production of graphene sheets with large surface area, this approach offers the possibility of manufacturing graphene nano-ribbons and graphene dots (so-called nanoflakes) in large quantities [14] .
Initially after the discovery of graphene, the most common method exercised was the micromechanical cleavage of graphite to synthesize high quality, defect-free graphene: this method is also called "scotch tape", drawing or peel off method [15] . Shortly after sometime, chemical vapour deposition (CVD) was used as a viable alternative [16, 17] . However, it was soon realised that these procedures offer a low production yield and particularly in the case of micromechanical cleavage they were time consuming that hindered effective and full-exploitation of these materials [18] . Even though researches have fine-tuned the technique to provide high quality crystallites up to 100 µm in size, making it better separated ( Fig. 1 ) in intercalated graphite compounds (socalled GIC) [1] .
Another route alternative to the micromechanical cleavage is exfoliation of graphite or its derivatives, mainly graphite oxide (GO), which makes high production yield achievable, making the process cost-effective and scalable [19] . Exfoliation procedures have been scaled up and now companies are able to sell graphene in large quantities [20] . These are examples of the top-down approaches of graphene synthesis, where precursors of graphene are stripped down to few layers of graphite by chemical, mechanical or thermal treatments. 2.1. Top-down approach 2.1.1. Mechanical exfoliation Mechanical or micromechanical exfoliation method has been a turning point in the history of graphene. It is still the key synthesis technique for obtaining high quality graphene for research purposes since it delivers high quality graphene films sized from 5 to 10 µm as it has been witnessed by TEM and AFM analysis (Fig. 1) . However, the uneven thickness of films obtained by this method and high production cost due to low yield render this method unusable for mass production. These methods are a prime example of the top-down approach, where a graphene precursor (graphite, GO, etc.) is taken apart layer by layer, forming graphene sheets. The group from Manchester University including the two Nobel Prize winners, Geim and Novoselov, obtained graphene by micro-mechanical alleviation of graphite. They used 'the scotch tape' or peel off method to repeatedly split graphite crystals into increasingly thinner pieces. The tape containing optically transparent flakes was then dissolved in acetone; a few steps later, the flakes containing both multi-layer and monolayer graphene were sedimented on a silicon wafer to be studied under a microscope. This technique was later modified by researchers to avoid the stage, where graphene floated in a liquid. Such developments eventually led to graphene flakes with sizes larger than 1 mm which were visible to the naked eye [21] . Ability to isolate graphene caused the current research boom. Prior to it, free-standing atomic planes were thought not to exist [15] . It was widely believed by scientists that such structures would be unstable, if scaled down to nanometers and were expected to scroll and buckle [22, 23] . Some scientists also believe that the intrinsic microscopic roughening on the scale of 1 nm might play a role in the stability of 2D crystals [24] .
Novoselov et al. [26] applied similar experimental approaches to other materials obtaining free-standing atomic planes of boron nitride, mica, dichalcogenides and complex oxides, but none of them have managed to achieve as much attention so far. Jayasena et al. [27] reported another approach towards mechanical exfoliation which used a diamond wedge to literally scrape off graphene from a graphite source (highly ordered pyrolitic graphite, so-called HOPG), aided by ultrasonic oscillations. This, in principle, shares the same ideology as the approach observed by Geim et al., where layers of graphene are mechanically removed from the carbon source. However, due to the ability to control frequency of oscillations and contact pressure, this allows more control resulting in consistent properties of thin layer graphene. As highlighted by Jayasena et al., this approach requires better understanding of the relation between the edge formation and ultrasonic vibrations to be able to explain nanohorns-like structure formation around the edges. It should also be interesting to study localized temperature increase caused by friction. This method has the potential to provide high quality graphene for experimental purposes, but does not seem suitable for being scaled up. Keith et al. have recently reported graphene synthesis by shear exfoliation in stabilizing liquids (N-methyl-2-pyrrolidone, sodium cholate, etc.) in which graphite is immersed and mixed at local shear rates higher than 10 4 s −1 . This approach attempts to replace the usage of sonication as means to separate layers, resulting in a less energy consuming and scalable approach. It also allows production of defect-free and un-oxidized graphene. As noted by Keith et al., shearing rate must be higher than ∼10 4 s −1 , which is achievable in a simple kitchen blender, too. Graphene obtained by this method, in terms of properties, is identical to what is achievable by sonication of graphite in solvents and surfactants. Because of the simplicity of this method, it seems viable for industrial scale manufacturing of graphene. Interestingly, this method can also be applied to exfoliate other layered materials, like boron nitride and molybdinum disulfide [28] . An additional step to help improve the quality of graphene obtained by GO, which, as a precursor, can be obtained by many methods, has been proposed by Zhang et al. who has chosen the method reported by McAllister et al. [29] and treated it under a hot press at 1500°C for 5 min, under uniaxial pressures of 40 MPa. GO sheets start to get reduced to graphene sheets between 800°C to 1500°C. This method can help obtain gram-scale highly crystalline graphene. High temperature and pressure treatment of GO sheets offer a step further from thermal treatment of GO to reduce them into few layer graphene sheets. The addition of high pressure into the system further improves the proportion of GO sheets being reduced to graphene sheets. This technique also stands as a viable contender for being scaled up [30] .
Graphite intercalation
Graphite can also be reduced to graphene via intercalation. Different chemical species can be inserted between graphite interlayer space to produce graphite intercalation compounds (GIC). Due to the presence of these intercalants between graphite layers, the distance between them increases. This also changes the properties of graphene because the increased interlayer distance affects electronic coupling between graphene layers. Different intercalants could lead to GIC having different set of properties usable for applications focusing on electrical, thermal and magnetic performance [31] . Lee et al. [32] have studied the effects of intercalation on capacitance in an electrode and have reported improved electro-conductivity of MnO 2 due to the presence of GIC.
Nanotube slicing
Carbon nanotubes have also been used as a precursor for graphene. Graphene nanoribbons which are a few microns in size can be obtained by this approach [25] . Such methods offer high yield and good quality graphene. Theoretically, carbon nanotubes could be cut open to form 2D graphene sheets [33] . Several methods have been developed, like plasma etching of nanotubes partly embedded in polymer film [34] or placing carbon nanotubes in a solution containing potassium permanganate and sulfuric acid [35] . High quality graphene can be obtained from nanotube slicing. Chen et al. [36] developed a nanotube slicing technique which is suitable for industrial use. Carbon nanotubes were abraded between ground-glass surface under a constant load of 0.06 N/cm 2 causing friction to slice them into graphene sheets. Graphene obtained by this approach can be used in applications, such as FET, interconnects, NEM and composites [25] . However, given the novelty of the precursor (CNT), this method might not be financially viable for commercial production.
Pyrolysis method
Pyrolysis offers ease of process and can be scaled up for production. However, the yield is low and there are impurities in the final product. In this method, a 1:1 molar ratio of sodium (2 g) and ethanol (5 mL) are heated in a sealed reactor vessel at 220°C for 72 hours to obtain the graphene precursor: solid solvothermal product. It is then rapidly pyrolysed and the remaining product washed with deionized water (100 mL). The suspended solid is then vacuum filtered and dried in a vacuum oven at 100°C for 24 hours. This solvothermal reaction method can deliver graphene yield of approx. 0.1 g per 1 mL of ethanol-typically yielding 0.5 g per reaction [37] .
Alternative methods: Pyrolysis has also been used to obtain carbon forms bearing high energy density for super capacitor application; interestingly these were derived from biomass and their properties bear resemblance with graphene [38] .
Reduction of graphite oxide (GO)
Graphene nanoflakes/powder, from a nm to a few µm in size, is obtainable by chemical reduction of graphite oxide (GO). Graphene obtained by this method is suitable for use in conductive inks and paints, polymer fillers, battery electrodes, supercapacitors, sensors, etc. Reduction of GO has generally been preferred for graphene reduction because of the lower degree of exfoliation achieved by graphite and expandable graphite [39] [40] [41] . GO can be exfoliated by sonication in water but the resulting material is electrically insulating, so it should be reduced to restore its conductivity. Reduction can be performed by chemical or thermal treatment [18] . Rapid heating has also been reported as a possible solution resulting in high yields of dispersed carbon powder with a few percent of carbon flakes [42] . Also, by dispersing oxidized and chemically processed graphite in water, and using paper-making techniques, the monolayer flakes in a form of a single sheet bonded very powerfully can be obtained. These sheets, called graphene oxide paper, have a measured tensile modulus of 32 GPa [43] . Graphene based membranes are impermeable to all gases and liquids except water, which evaporates through the membrane, like it did not exist [44] . GO reduction under ambient atmosphere with the aid of HCl has also been reported [45] . Gurunathan et al. have developed a novel method of GO reduction with the help of biomass obtained from lysogeny broth bacteria. In their reported method, bacteria grown from lysogeny broth was incubated for 21 hours in an Erlenmeyer flask, at 120 rpm and 37°C. The resultant culture was centrifuged at 10000 rpm to obtain the biomass used for rGO synthesis. 200 mg of Bacillus marisflavi biomass was added to the GO dispersion (0.5 mg/mL) and stirred for 72 h at 37°C, followed by centrifugation to remove excess bacteria [46] . While chemical methods make it possible to synthesize graphene at lower temperatures and cost, graphene obtained by such methods contains high density of surface defects. Graphene obtained from this approach is also of a low purity.
Electrochemical exfoliation
Parvez et al. reported an interesting method of exfoliating graphene from graphite using an electrochemical method. They used 0.1 M H 2 SO 4 solution as electrolyte, while graphite flakes as anode and platinum wires as cathode. A positive charge of +10 V was used to the system and graphite flakes began to dissolve in the solution. After 2 minutes, the voltage bias was removed and the exfoliated graphitic material was collected by vacuum filtration. The sample was then washed with water repeatedly to ensure removal of residual acidic content. The obtained powder was dispersed in DMF, resulting in EG sheets [47] . 4 ] in water used as an electrolyte for the electrochemical exfoliation of graphite. Static potentials of 1.5 to 15 V were applied. The exfoliated particles were washed with water and ethanol to achieve a neutral pH [48] .
Sonication
High quality, un-oxidized graphite and graphene flakes can be obtained by sonication [49] . This method is a prime example of the top-down approach towards graphene synthesis since, in this method, ultrasonic energy is used to separate graphene layers stacked together in a precursor. But this method requires a large amount of energy since sonication is the only energy source and it can be a concern, while scaling up this method [27] . Also, removal of impurities is a problem that occurs in this process. Graphene obtained by this technique can be used in the field of polymer fillers, transparent electrodes and sensors [25] . Graphene can be dispersed in certain solvents, like N-methyl-pyrrolidone, at concentrations of up to 0.01 mg/mL. Such solutions can be used in a variety of processes to incorporate graphene in polymers and composites, such as spray coating, vacuum filtration, solvent casting or drop casting [49] . While sonication presents an easy approach towards making graphene, it poses challenges for industrialization in terms of power consumption. Solvent aided sonication is a simple modification of sonication method and an obvious step ahead. Graphene is obtained from graphite through sonication with the help of a solvent (NMP, TEA, etc.), where graphene can be separated from graphite with the help of centrifugation [49] . NMP or other ionic liquid can be used in such process [50, 51] . A singlecycle yield of up to 5 % is obtainable from this process and about 70 % of the graphene obtained by this process is 1 nm thick having electrical conductivity of up to 5000 S·m −1 [52] . When using the solvent aided systems, graphene tends to re-stack together after sonication because of van der Waals forces. To avoid such problems, surfactants or dispersing agents can be added in the solution before sonication, so the graphene sheets would not re-stack. This method can be used to obtain graphene sheets from graphite without chemical modification. It also offers graphene yields as high as 5.33 mg/mL. Because of the use of an ionic liquid (1-hexyl-3-methyl-imidazolium hexafluorophosphate or HMIH), this process is stable and green [51] . Sodium dodecylbenzene sulfonate (SDBS) also tends to stabilize graphene layers and keeps them from aggregation [53] . Liu et al. have reported a method using GO suspension (via sonication) to obtain 3D hydrogel as a support for microbe immobilization and BOD biosensor. Neutral Red (NR) solution was added into 20 mL of 2 mg/mL GO suspension, which was sonicated further for 10 min and then the solution was kept at 180°C for 5 h in a teflon-lined autoclave, followed by temperature reduction to room temperature. The obtained hydrogel was washed thoroughly with deionized water before characterization [54] .
π-π interaction has a great potential to be used as an assistance in this regard. Aromatic ring containing organic molecules could be used to prevent graphene from restacking [55] [56] [57] [58] [59] . It is also possible to use the high energy interface between two immiscible liquids to hold the graphene sheets after sonication, thus, prevent them from re-stacking. Heptane and water are a viable couple to be used as immiscible liquids. Graphene sheets obtained in this process are up to 95 % transparent and conductive. This process allows obtaining macroscopic graphene coatings on glass surfaces with the help of chlorosilanes, containing no more than 3 layered graphene stacks [60] . This method has a great potential for use in optoelectronics and solar panels. GO can also be reduced to graphene sheets via sonochemical treatment. The pH of GO solution is modified to be 10 by adding NaOH and a small amount of hydrazine. The solution should then be subjected to sonication for 2 h. Because the temperature is unregulated in this method, the solution might reach temperatures of up to 65°C by the end of sonication [12, [61] [62] [63] [64] . Hydrazine reacting with GO in the presence of ultrasonic irradiation causes acoustic cavitation resulting in more reactive sites for epoxide and hydroxyl removal. Also, the temperature induced by the irradiation itself causes reduction of GO into graphene since GO is not thermally stable above 200°C [12] .
Ball milling
In principle, ball milling is a sub-category of mechanical exfoliation but many variations of this method have been developed, so this method deserves to be discussed separately. Ball milling has been in use for mixing and particle size reduction for a long time. Scientists have used this particle size reduction approach to exfoliate graphene sheets from graphite, sometimes using magnetic assistance [65] and sometimes using chemical [66, 67] or solvent assistance [68] . Magnetic assistance provides filtration of metallic particles present in the precursors, while chemical assistance prevents the sheets from re-stacking using chemical interactions, such as π-π [66] . Such techniques provide FLGs ( 5 layers) and offer high production yield. Compared to graphite, a larger surface area of graphene (153.9 m 2 /g) can be obtained using this process [69] and impressively low I D /I G ratio of 0.6 can be obtained [66] .
Radiation based methods
Radiation based methods offer graphene production in a relatively short period of time. High quality graphene is obtainable by this method but the yield is low. Also, we believe radiation concerns will not allow such methods to be used industrially regardless of the fact that this process is financially not viable for industrialization. GO can also be reduced to graphene sheets using electron beam irradiation. According to the reported method, an aqueous dispersion of GO and isopropyl alcohol was put in a sealed plastic bag and irradiated for 10 min under 2 MeV/10 mA conditions (140 kGy doses). The reduced GO was then separated by centrifugation, washed with alcohol a couple of times and dried at 60°C under vacuum [70] . Laser scribing is a process similar in mechanism to pyrolysis; however, the energy source used here is a laser. GO is coated on a DVD which is then treated inside a LightScribe DVD drive to directly reduce GO films to graphene [71] . This technology has the potential to lead us to self-powering smart garments, outfitted with piezoelectric patches to harvest energy from body movements. Power source to camouflage uniforms is one possible application [72] . Other methods have been reported with the same phenomenon but with different light sources, such as UV or xenon flash [73, 74] , or different kinds of lasers, such as femtosecond laser, pulsed laser, etc. [75] [76] [77] [78] [79] . In addition, Zhou et al. have reported a method to selectively reduce GO by laser writing [80] .
Bottom-up approach 2.2.1. Growth from metal-carbon melts
In this simple method, a carbon source (e.g. graphite powder) is placed in contact with a transition metal and heated at high temperatures, enough to melt the metal. Once carbon starts to dissolve in the molten metal, temperature can be lowered to decrease solubility of carbon resulting in excessive carbon precipitation. The precipitate can be skimmed off to give different forms of carbons, e.g. thick graphite, few layers of graphene (FLG) and single layers of graphene (SLG). Nickel seems most suited for this process since it is not Raman active [81] . Ruthenium and iridium are known to be usable too but the quality of graphene is not as good as what is achievable from nickel and copper [82, 83] . There have been several different variations of this technique reported [81, 84] . However, the most appreciated method seems to be graphene growth on nickel films using CVD. Nickel film is heated up to 900 to 1000°C under inert conditions (Ar gas used). Methane gas is introduced into the system along with Ar. This enables the carbon from the methane gas to be absorbed on the nickel film. Methane supply is later discontinued and the system is allowed to cool down (under Ar flow). This enables the carbon to diffuse out of nickel surface and form graphene sheets [85] [86] [87] [88] . Similar to nickel based method, this method uses Cu substrate and methane gas depositing carbon on the surface, under high temperature and low pressure. However, atmospheric pressure leads to multilayer graphene on both copper and nickel [89] . It is possible to grow large films of graphene using this method [87, 90, 91] . In contrast to methane gas, ethane and propane tend to produce bilayer coatings; this could be due to their molecular structure containing a higher concentration of carbon [92] .
Epitaxial growth on silicon carbide (SiC)
Graphene can be epitaxially grown on SiC substrate ideal to be used in transistors and circuits because of the thin graphene films obtainable by this method (>50 µm). In this method, graphene is obtained by heat treatment of silicon carbide (SiC) at 1100°C [93] . This method leads to obtaining epitaxial graphene, while the size of graphene flakes remains dependent upon the size of SiC wafers. The surface of SiC influences the thickness, mobility and carrier density of graphene obtained in this system as observed in research [94] . Graphene obtained from this procedure tends to have weak anti-localization, unlike exfoliated graphene [95] . On the other hand, similar to graphene obtained by drawing or peel off method, SiC-epitaxial graphene displays extremely large, temperature independent mobility but not as high as exfoliated graphene [96] . Even without transfer, graphene obtained through this method displays massless Dirac fermions [85, [96] [97] [98] [99] [100] [101] . In multi-layered epitaxial graphene, weak van der Waals forces responsible for multilayer cohesion do not necessarily impact electronic properties of individual sheets within a stack. This effect is related to the symmetry of interlayer interactions [102] . This phenomenon does not occur in other cases and electronic properties are affected, e.g. in bulk graphite. A 2-inch SiC wafer can offer cut off frequencies of 100 GHz [103] . This technique offers high quality graphene but at high production cost because SiC substrate is expensive and the low yield is obtained. So this method is not suitable for industrial manufacturing.
Dry ice method
According to dry ice method, graphene can be obtained by burning 3g of Mg ribbon inside a dry ice bowl, covered up by another dry ice (solid CO 2 ) slab. Mg needs to be completely burnt in CO 2 and the residue is stirred overnight in 100 mL of 1 M HCl. Both Mg and MgO are soluble in water. So, the mixture is filtered and the residue is washed with deionized water till pH turns neutral. To remove water content, the residue needs to be dried overnight under vacuum at 100°C resulting in a graphene yield of 680 mg (92 %) [104] .
Deposition
There have been a lot of methods reported for deposition-based graphene synthesis, primarily because of its practicality and ease of scalability [47, [105] [106] [107] [108] [109] [110] . Chemical Vapor Deposition (CVD) techniques lead to thin graphene films ( 75 cm) [25] . Because of the large size of these films, they are suitable for use in applications, such as touch screens, smart windows, solar cells, flexible LCD and OLED. CVD methods enable growth of good quality, large area graphene films [17, 85, 90] . Most of the CVD techniques are scalable but are financially not viable. Spin coating enables nanotube-reinforced graphene to be made. Dodecyl-functionalized single wall carbon nanotubes (DF-SWCNT) are used in this process via spin coating and annealing, providing stronger, flexible and more conductive graphene. HIP co-produced SWCNT were used in the reported method [111] . DF-SWCNT and trichloromethane solutions were made as reported by Liang et al. [112] . Solution containing DF-SWCNT and trichloromethane was dispersed on a pre-treated Cu foil using spin-coating which was then annealed for 15 min at 1080°C under H 2 and Ar flow, while keeping the chamber pressure constant at 933.25 Pa. The samples were reported to be removed and allowed to cool down to room temperature afterwards [113] . Supersonic spray offers a simple and inexpensive option to deposit graphene films on to a variety of substrates, in contrast to CVD. This method does not actually synthesize graphene but improves it. With this treatment, graphene with little or no defects can be obtained, having I D /I G ratios as low as 0.22 [114] . This system uses kinetic spray deposition that benefits from the supersonic acceleration of droplets through a converging and diverging de Laval nozzle [47] . R-Go gets atomized upon exposure to high gas (air) stream [114] . In dip coating, GO is deposited on a substrate (typically, silica or quartz) and then reduced into graphene via thermal treatment under continuous Ar or H 2 flow. This method allows better control of film thickness [115] . This method can also be beneficial for producing solar panels and other optoelectronic applications. It offers excellent conductivity and optical transparency in visible and near-infrared regions, chemical and thermal stability along with the benefit of transferability between substrates. Vacuum filtration can lead to graphene films by filtering GO suspension through a cellulose ester membrane with an average pore size of 25 nm. As the solvent drains out, the GO forms a layer on the cellulose substrate. Since GO tends to block pores, it does not allow further passage of the solvent once a pore is filled, what leads the remaining GO suspension to other (vacant) pores, making this a self-regulating system. The thickness of these layers can be controlled by the amount of solution or its concentration. Once filtration is completed, the substrate (cellulose) layer can be dissolved by placing the film sandwich sideways in acetone (or other suitable solvents) because the GO film obtained by this process can be used in lithographic processes. Once an independent GO film is obtained, it requires to be reduced to graphene films [106] . Several methods have been reported to perform this operation, including the method in which ordered nano and macroscale FLG is exfoliated from a pre-patterned and pristine HOPG surface and printed on a semiconductor substrate by an electrostatic force, reported by Liang et al. [112] . However, a combination of hydrazine vapor exposure and low-temperature annealing treatment renders efficient results [117, 118] . Li et al. have reported a method to synthesize multilayer films based on graphene and manganese dioxide (MnO 2 ) sheets using electrostatic layer-by-layer deposition. Successful transfer and creation of multilayer films were obtained by dipping indium tin oxide (ITO) coated glass slides in poly(diallyldimethylammonium) (PDDA) aqueous solution (1 wt.%, pH = 9.37), to have the substrate positively charged. The sheets were kept in the solution for 15 min. To remove the excess solution, the sheets were rinsed with ultrapure water and dried under continuous nitrogen flow. The obtained substrates, coated and positively charged, were then immersed in a poly(sodium 4-styrenesulfonate) modified graphene sheets (PSS-GS) solution (1 mg·mL −1 , pH = 9.6) for 20 min, followed by washing and drying. This created a uniform layer of PSS-GS on the substrate. In order to obtain multilayers, the PSS-GS coated substrate was positively charged again in PDDA aqueous solution, creating another layer of PDDA just as the initial layer. To create a MnO 2 layer, the substrates were dipped in a colloidal suspension of MnO 2 nanosheets (0.2 g·L −1 , pH = 9.15) followed by washing and drying. The final multilayer sheets of ITO/ (PDDA/PSS-GS/PDDA/MnO 2 ) n is suitable for use in supercapacitors [119] . Table 1 shows a comparison of D and G band intensity ratios. The intensity ratio or I D /I G is a measure of disorder degree and average size of the sp2 domains [70] . It can also be used to calculate the crystallite size of graphene (or graphite) samples using Tuinstra-Koenig relation [120] . Lower degree of structural defects in graphene leads to smaller I D /I G numbers.
Conclusions
Graphene has gained an immense amount of fame and scientific attention from the time of its inception. This is primarily because of its extraordinary properties and the potential it carries for high performance composites. Up-scaling graphene production is a challenge no less than synthesis of high quality graphene itself since many methods are not suitable for scaling up. Scientists have chosen different approaches to synthesize graphene using top-down and bottom-up approaches. Bottomup approaches, like CVD, provide excellent control of thickness and quality, while being unsuitable for industrialization. However, it can be used for producing graphene for high-end applications, such as touch screen LCD, OLED, solar panels, etc. In contrast to bottom-up approach, top-down approach comprises of breaking down graphene precursors, such as graphite, GO, etc. into few layer graphene. Many different techniques have surfaced so far to achieve this goal. Methods, such as shearing, provide easy and scalable approach. Graphene is being synthesized on an industrial scale [121] , however, currently available methods rely on batch production and offer problems associated with it, for example difficulty in controlling consistency of properties which is vital for industrial scale production. We believe graphene might not be a 'one size fits all' case, where one particular kind of graphene would be suitable for all applications which is one of the reasons why graphene synthesized by different methods is suitable for use in different applications. Since new methods to synthesize graphene keep getting more and more interesting, we hope to see a solution that provides not just a fair balance between scalability and quality, but the best of both. The aim of this article is to provide an insight into graphene synthesis technology by providing an introduction and comparative study.
